Abstract-The
I. INTRODUCTION

I N SPRING 2009, IRAM installed its Eight MIxer Receiver
(EMIR) at the 30 m telescope at Pico Veleta in Spain [1] . Since then, EMIR observes successfully in four frequency bands centered around 100, 150, 230, and 305 GHz, respectively. The characteristics of its mixers are summarized in Table I . Bands 2 and 3 still employ single-sideband mixers using a movable backshort in the waveguide behind the mixer chip to tune out the image sideband and delivering one IF output of 4-8 GHz [2] , [3] . Since the installation of EMIR, mixer development progressed further and current state-of-the-art receivers employ sideband-separating (2SB) mixers with two IF outputs and twice as large IF bands [4] , [5] . EMIR's Band 1 is already equipped with such a sideband-separating mixer, which has been developed within the European project AMSTAR [6] , [7] . Band 4 finally, is equipped with a sideband-separating mixer with 4-8 GHz IF bandwidth, which has been originally developed for the ALMA Band 7 cartridge [8] and tuned down in frequency to join the Band 3 frequency range.
EMIR is the most requested receiver by the 30 m users, and equipping all its bands with 2SB mixers with 4-12 GHz IF bandwidth was therefore identified as a high-priority project for IRAM. This upgrade would significantly improve the capabilities of the instrument, by providing an increased continuum sensitivity, a higher flexibility for line observations, and a larger 
II. BAND 3 UPGRADE
A. 2SB Mixer Assembly
Within the European project AMSTAR , the follow-up project of AMSTAR, we started the development of a focal-plane array receiver in the near mm domain [9] . In this context, we designed a 230 GHz sideband-separating mixer with 8 GHz IF band. The prototype of this mixer achieved very good performances and it was decided to use it for the upgrade of EMIR's Band 3.
A schematic view of a sideband-separating mixer is shown in Fig. 1 . Two double sideband (DSB) mixers are connected at their input and outputs to 90 hybrid couplers. The LO signal is split and applied in-phase to the two mixers through 17 dB couplers. Since upper and lower sidebands undergo different phase shifts, they appear separately at the two outputs of the mixer [10] .
For the mixer described here, the RF quadrature coupler, the two LO couplers, the LO splitter as well as the two DSB mixers have been combined into one unit and realized as one E-plane split-block (see Fig. 2 ). Since this mixer has been designed in view of its future use as a focal-plane array receiver, the IF outputs have been placed at the back of the mixer block, allowing the signal path to go straight through the block, so that the mixers can be plugged onto a feedhorn array and be followed in-line by the IF chain. The LO input has been moved to the top of the mixer block by adding an H-bend into the LO injection path [11] . For a detailed description of the design of the waveguide components see [9] .
The distance of the IF outputs has been adjusted to the inputs of the employed IF coupler [12] , so that the hybrid can be mounted directly onto the mixer block.
B. DSB Mixer
A detailed description of the DSB mixer design is given in [9] . The mixing element is a superconductor-insulator-superconductor (SIS) tunnel junction, which is deposited together with a superconducting circuit onto a quartz substrate. The role of this circuit is to compensate the junction's capacitance and to provide a match to the RF input and the IF output. Fig. 3 shows a photograph of the mixer chip mounted into the RF coupler/ mixer block. The dimensions of such a chip are 2.4 0.26 0.08 mm . These devices are fabricated by IRAM's SIS group [13] . The mixer chip is placed in a channel perpendicular to the waveguide axis and stretches partly across the waveguide. The full-height waveguide to microstrip transition is provided by the waveguide probe, which has been optimized using CST Microwave Studio. 1 The RF choke behind the tuning circuit blocks the RF radiation and only lets the IF signal pass through. Finally, the contact pads allow us to connect the mixer chip with bond wires to the ground and to the IF output, respectively.
A close-up of the tuning structure is shown in Fig. 4 . A parallel inductance, consisting of a coplanar waveguide, compensates the capacitance of the 1 m junction and the following capacitance provides the virtual ground. The impedance of this structure is matched to the probe impedance by a quarter-wavelength transformer.
The equivalent circuit of the tuning structure is shown in Fig. 5 .
Since saturation effects resulting in gain compression might become too important in this frequency range for a one-junction design [14] , a second design using a series array of three 1.7 1.7 m junctions has been developed. A photograph of this tuning structure is shown in Fig. 6 . Just as for the one-junction design, we chose a parallel inductance tuning with coplanar waveguide and capacitance. Both mixer designs have been optimized using Sonnet 2 and ADS. 3 The achieved matching to the junction for both designs is quite homogenous over the whole frequency range as can be seen by the junction's embedding impedance plotted in the Smith chart in Fig. 7 for frequencies between 200 and 280 GHz. The power coupled to the junction lies above 96% (see Fig. 7 ).
C. Magnetic Field
In order to simplify the suppression of Josephson effects for a future multibeam receiver, we investigated the use of permanent magnets instead of the so far employed superconducting coils with magnetic yoke assembly. The magnets are placed in slots close to the mixer chip and the field is applied in a direction parallel to the diagonal of the square junction (see Fig. 3 ).
Tests with one or more magnets on either side of the mixer chip and at different distances have been carried out, in order to evaluate the optimum configuration. The mixer chip employed in these tests was one with a series array of 1.7 1.7 m junctions. The magnetic field needed to suppress Josephson currents 2 Sonnet Software, Elwood Davis Road, North Syracuse, NY 13212 USA. 3 Advanced Design System, Agilent Eesof EDA, Westlake Village, CA, USA. should therefore be 13 mT or multiples of it. The different configurations tested are shown in Fig. 9 . The theoretical values for the magnetic field at the junction for configurations (a) to (d) were 13, 24, 35, and 54 mT, respectively. Since for some LO frequencies, even configuration (d) was not sufficient to suppress completely the Josephson effects, we also tried bigger magnets, but for these, we had no information about the magnetic field they produced [see Fig. 9(e) ]. Magnetic field tests were carried out for LO frequencies between 210 and 270 GHz. For most LO frequencies, perturbations due to the Josephson effect were only seen for configuration (a). As an example, the result for GHz is shown in Fig. 10 . The plot above shows the pumped IV curves of one of the junction arrays for different magnetic fields. The plot below shows the corresponding LSB noise measurements. With increasing magnetic field strength, the IV curves become rounded at the gap voltage, which cuts off the upper part of the photon step. As a consequence, the bias range yielding good noise performance is reduced.
A residual of the Josephson effect can only be seen for the curve (a), i.e., the lowest magnetic field. For higher magnetic fields it is completely suppressed. For bias voltages where the IV curve is not affected by the magnetic field, the noise performance is not degraded with increasing magnetic field.
For some LO frequencies the Josephson effect could not be completely suppressed even with the bigger magnets. An example for this behavior is shown in Fig. 11 . The plot above shows the pumped IV curves of one of the junction arrays at GHz. The plot below represents the corresponding LSB noise measurements. Even the noise curve obtained with the highest magnetic field (e) shows a residual of the Josephson effect. Moreover, the high field makes the upper part of the photon step unusable, where best noise performance is obtained.
In conclusion, we found it unnecessary to suppress completely the Josephson effect. A partial suppression is sufficient to obtain a voltage range of the first photon step with stable operation and good noise temperatures. On the contrary, too much magnetic field cuts off the upper part of the photon step, where for some frequencies best noise temperatures are obtained. Therefore, for all following mixer tests, we chose configuration (c).
D. Mixer Performances
Prototypes of both mixer designs have been fabricated and fully characterized by measuring noise temperatures and image rejections in the 4-12 GHz IF band for LO frequencies between 210 and 270 GHz. Figs. 12 and 13 show the results obtained for the two designs with mixer chips from the same wafer. Noise temperatures as a function of the RF frequency are shown in the upper plots. For low RF frequencies, the noise temperatures of both designs are comparable, but around 220 GHz, the noise of the mixer with the three-junction design rises about 20 K above the values measured for the single junction design. We think that this is due to the reduced gap of the three-junction design caused by the backbending of the IV curves. Fig. 14 shows the IV curves of the mixer chips of both 2SB mixers. For the sake of comparison the IV curves of the three-junction design have been scaled by 1/3. Note that due to the limitations of the current source, they cannot be fully traced. Although all mixer chips are from the same wafer, the three-junction arrays clearly show a backbending IV curve resulting in a reduced gap. This is probably caused by the fact that two of the junctions are placed on an island structure (cf. Fig. 6 ).
Both mixers have a flat response in the IF band as can be seen in the plots below in Figs. 12 and 13 , respectively. The obtained image rejections for both designs are in general below 10 dB. The saturation of the mixer with the single junction design has been measured at 210 and 240 GHz and found to be below 2%. Since this value seemed to be acceptable and because of its better noise performance, the single-junction design has been chosen for the fabrication of the new EMIR mixers.
III. BAND 4 UPGRADE
A. Current Mixer
The mixer currently installed in Band 4 of EMIR is a modification of a mixer initially designed for the ALMA Band 7 cartridge [8] , [15] . Since this mixer has been designed having in view a small series production, a modular approach has been chosen, which allows testing of the different parts prior to integration. Only the waveguide couplers have been realized as one E-plane split-block, so that the block as a whole can be characterized using a vector network analyzer. The DSB mixers are separate units, which can be tested individually and which are then selected according to their performances for integration into a 2SB mixer. The IF hybrid coupler is commercially available 4 . A photograph of a Band 4 2SB mixer assembly is shown in Fig. 15 .
The ALMA mixer has been adapted to the lower frequency range of Band 4 by changing the RF coupler and increasing the size, and thus the capacitance, of the junctions. 
B. Upgrade to 4-12 GHz IF Band
As 8 GHz IF bandwidth is more and more attractive, we tested this mixer for the larger IF band. These tests have been carried out with a mixer of the ALMA Band 7 production by replacing the commercial IF coupler 5 with the same coupler used for the Band 3 mixer and developed for frequencies from 4 to 12 GHz [12] .
The conclusion of these mixer tests was that the existing Band 4 receivers could be easily upgraded to the twice as large IF band by simply changing its IF components.
And since the new Band 3 mixers work up to at least 280 GHz, there is no need anymore for the use of the frequency shifted Band 4 mixers. The new Band 4 mixers will therefore work for the initially designed frequency range of 275-373 GHz with a 4-12 GHz IF band.
C. Mixer Performances
Mixers have been fabricated and characterized. Just as for Band 3, noise temperatures and image rejections have been measured in the 4-12 GHz IF band for LO frequencies between 283 and 365 GHz. The results of one mixer are shown in Fig. 16 . The response of the mixer in the IF band is shown in the plots below. Even if the mixer has not been designed for this large IF frequency range, the results are reasonably flat over the IF band. The achieved noise temperatures over the RF band are very good as can be seen in the plots in Fig. 16 , above. The obtained image rejections are well below 10 dB (see middle plots). 5 Pasternack Enterprises, Inc. USA, Model PE2054.
IV. CONCLUSION
A sideband-separating mixer with wide IF band has been successfully developed for EMIR Band 3. It covers an RF frequency range of 200-280 GHz and shows very good noise temperatures over the whole RF band with a flat response over the 4-12 GHz IF band. Achieved image rejections are better than 10 dB. This mixer increases the Band 3 frequency range and replacing the old SSB mixer with 4 GHz IF band by this mixer will double the continuum sensitivity of the receiver and increase the flexibility of line observations. The current Band 4 mixer has been upgraded to larger IF bandwidths and its RF frequency range has been shifted to higher frequencies. The new mixers will cover RF frequencies from 275 to 365 GHz with an IF band of 4-12 GHz.
The upgrade of both bands will take place in autumn 2011, allowing observations with the improved system in winter 2011/2012.
